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Responses of the enzymatic and non-enzymatic antioxidant defence 
systems as well as oxidative injury in banana ptants (Musasp.) subjected 
to polyethylene glycol (PEG)-induced water stress were investigated. 
Micropropagated plantlets of two banana cultivars, '8erangan' and 'Mas' 
were subjected to 0%, 10%, 20% and 40% PEG 6000 treatments in vitro 
for a duration of 14 days. 
Progressive decline in the leaf water content of both cultivars with time 
and increased concentrations of PEG used, indicates that water stress 
was successfully imposed. Based on the enhanced levels of lipid 
peroxidation and membrane permeability, this study shows that water 
stress resulted in oxidative injury in both cultivars. Retsstiv'-y!,,� �� 
. .  .' � . 
, . 
of membrane leakage and malondialdehyde concentrations in '8erangan' 
ii 
indicate that it was more tolerant than 'Mas' to water stress-induced 
oxidative damage. 
Generatty, activities of catalase and gkJtathiooe redootase were enhanced, 
while activities of super o xide dismutase were inhibited to different extent 
in both cultivars under water stress. Ascorbate peroxidase activity, 
meanwhile, was enhanced in 'Berangan' ptantlets but generaUy unaffected 
in 'Mas' under water stress. Tissue concentrations of ascorbate, reduced 
glutathione and tocopherols were generally increased in both cuttivars 
under water stress. Overall, activities of ascorbate peroxidase and 
superoxide dismutase as well as the tissue concentrations of ascorbate 
and reduced glutathione were higher in 'Berangan' compared to 'Mas'. On 
the other hand, activities of catalase and glutathione reductase as weH as 
the tissue concentrations of tocopherols were higher in 'Mas' compared to 
'Berangan' . 
These data indicate that the capacity for detoxifying hydrogen peroxide a nd  
superoxide radicals (which involves ascorbate peroxidase a nd  super-oxide 
dismutase) before they could lead to oxidative damage, may be more crucial 
than the capacity to terminate lipid per oxidation (which involves tocopherols) 
in conferring protection against water deficit-induced oxidative stress in 
banana plants. 
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sebagai memenuhi syarat untuk. meodapat Ijazah Master Sains 
TINDAKBALAS ANTtOKSIDA TlF TERHADAP KePAYAHAN 
(TeGASAtt) AIR PAOA KUl TIVARPtSANG (MUSA sp.) 
0100 
CHAI TSUN THAI 
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Pengerusi : Profesor Madya Or. Nor' Aini  Mohd. Fadzil tah 
Fakulti : Sains and Pengajian Alam Sekitar 
Kajian ke atas tindakbalas sistem pertahanan antioksidan berenzim dan 
bukan-enzim serta kecederaao oksidatif telah dijatankan pada tumbuhan 
pisang (Musa sp. )  yang mengatami tegasan air ekorao rawatan potietilena 
gJikol (PEG). Anak pokok dua kultivar pisaog, iaitu 'Berangan' dan 'Mas' yang 
disediakan metatui teknik mikropropagasi tatah <tiberi rawatan PEG 6000 
pada kepekatan 0%,10%,20% dan 40% salama 14 hari. 
Penurunan kandungan air datam tisu daun yang sejajar dengan peningkatan 
tempoh rawatan dan kepekatan PEG menunjukkan bahawa dua kultivar 
pisang tersebut te:ah mengatami tegasan air datam kajian ini. 8efidasarkan 
peningkatan tahap pengoksidaan lipid dan kebocoran membrao, kajian ini 
menunjukkan bahawa kecederaan <lksidatif te4ah ber4aku pada kedua-dua 
kultivar tersebut. Namun, tahap keboooran membran dan malondiatdehida 
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yang febih rendah dalam aoak pokok '8erangan' menunjukkan bahawa 
'8era ngan , 1ebih toIeran teriladap keoederaao oksidatif yang dtaruh oIeh 
tegasan air bertJanding dengan 'Mas'. 
Secara u mum, datam kedua-dua kuitivar tersebut, aktiviti katatase dan 
glutathion reduktase tetah meniogkat, maoakala akti\liti superoksida 
dismutase telah menurun lantaran tegasan air. Aktiviti askoroat peroksidase 
meningkat di dalam anak pokok '8erangan' ekoran tegasan air, tetapi secara 
keseluruhan tidak dipengaruhi dalam anak pokok 'Mas'. Secara keseturuhan , 
kepekatan askorbat, glutathion bentuk terturun dan tokofero l meningkat 
dalam kedua-dua kultivar ekoran tegasan air. Oi dalam anak pokok 
'Berangan', paras aktiviti askorbat peroksidase dan superoksida dismutase 
serta kepekatan askorbat dan glutathion bentuk terturun adalah lebih tinggi 
berbanding dengan 'Mas'. Sebalikoya, paras aktiviti katatase dan glutathion 
reduktase serta kepekatan tokoferol ada lah lebih tinggi di datam anak pokok 
'Mas' berbanding dengan 'Berangan'. 
Keputusan kajian ini menunju kkan bahawa keupayaan untuk mekJpuskan 
hidrogen peroksida dan radikal superoksida (O'lefibatkan askorbat 
peroksidase dan superoksida dismutase) adalan lebih mustahak daripada 
keupayaail untuk menamatkan tindakbalas pengoksidaan lipid (metibatkan 
tokoferol) dalam mempertahankan anak pokok pisang daripada menga1ami 
kecederaan oksidatif di bawah aruhan tegasan air. 
v 
AC KNOWLEDGEMENTS 
This thesis was buiit not �y on experimental results but atso the valuable 
oontributioos from various individuats. 
I am indebted to Or. Nor'Aint Mohd. fadziMah for moutdiog the direction of 
this study, for not giving up and for knowing how to bring out the best in a 
person. I have learnt the most about scientifIC researdlfromher. t thank 
Professor Or. Marziah Mahmood and Dr Misri Kusnan, for their patience, 
advice and assistance regarding banana micropropagation and valuable 
discussions on the methodology and physiology of plant water stress. 
Special thanks are due to Or. Zakaria Wahab, Faculty of Agriculture, for 
valuable discussions and his generousty providing information regarding the 
methodology of water stress study on banana ptants. 
I thank Kak Norhayati Yusuf, not only for her suggestions in the preparation 
of this thesis but also her usefut advice on doing some of the experiments. 
Last, and by no means least, I thank my family for their patience and 
encouragement. I am also grateful to my friends in the Cell Biology and 
Tissue Culture laboratory of Biology Department and Plant Stress 
Laboratory, Department of Biochemistry and M icrobiotogy, for being there 
through many happy and difficult moments during the past few years. 
vi 
I certify that an Examination Committee met on 1 tt' May 2003 to oondud the 
final egmination of ehai T sun Thai on his Master of Science thesis entiHed 
"Antioxidative Responses in Banana (Musa sp.) CuttivafS Under Water 
Stf"ess" ;n aooordance wfttl Uni�; Pertaoian Matays48 (ffigher Degre ) 
Iv:;t 1980 and Universiti Pec1aotan MaCayse8 (Htgher Degree) Regulations 
1981. The Committee recommends that the candidate be awarded the 
relevant degree. Members of the Examination CoR1t1littee are as foUows: 
ZAKARIA WAHAB, Ph.O. 
F acuity of AgrkultUfe, 
Universiti Putra Malaysia. 
(Chairman) 
NOR'AINI MOHO. FADZlllAH, Ph.D. 
Associate Professor, 
Faculty of Science and Environmental Studies, 
Universiti Putra Malaysia. 
(Member) 
MARZIAH MAHMOOD, Ph.D. 
Professor, 
Faculty.of Science and Environmental Studies, 
Universiti Putra Malaysia. 
(Member) 
MISRI KUSNAN, Ph.D. 
Faculty of Science and Environmental Studies, 
Universiti Putra Malaysia. 
(Member) 
MAT All, Ph.O. 
Professor/Deputy Dean 
School of Gradua�e Studies 
Universiti Putra M�aysia. 
Date: :1 6 JUN 200} 
VII 
This thesis submitted to the Senate of Uoiversiti Putra Malaysia has been 
acoepted as futfitment of the 1eqUirements for the degfee of Master of 
Science. The members of the Supervisory Committee areas foHows: 
HOR'AINI MOHO. FAOZlLLAH, Ph.D. 
Associate professor 
F acutty of Science and Environmental Studies, 
Universiti Putra Ma1aysia. 
(Chairperson) 
MARZIAH MAH MOOD, Ph.D.  
Professor, 
Faculty of Science and Environmental Studies, 
Universiti Putra Malaysia. 
(Member) 
MISRI KUSNAN, Ph.D. 
Faculty of Science and Environmental Studies, 
Universiti Putra Malaysia. 
(Member) 
viii 
AINI lOERtS, Ph.D. 
Professor/Dean 
School of Graduate Studies 
Universiti Putra Mataysia. 
Date: r11 JUL 2003 
oeCLARA TtON 
I hereby dedare that the thesis is based on my origioal W()(t( exoopt for 
quotations and citations which have been duly ackrowtedged. t also deaafe 
that it has not been previously or ooncUR"eC1tCy submitted for any other degree 
at UPM or other institutions. 
IX 
TABLE OF CONTENTS 
ABSTRACT 
ABSTRAK 
ACKNOWLEOGEMENTS 
APPROVAL SHEETS 
DECLARATION FORM 
LIST OF FIGURES 
LIST OF PLATES 
LIST OF ABBREVIATIONS 
CHAPTER 
II 
INTRODUCTION 
Objectives 
LITERATURE REVIEW 
Research Plant: Banana 
General 
Botanical Description 
Ecotogy 
Banana Industry 
Oxidative Stress 
Definition 
Reactive Oxygen Species 
Oxidative Damage 
Site-SpecifIC Damage 
Membrane Lipid Per oxidation 
Damage to Proteins 
Direct Reactions of Superoxide Anion Radica4s 
with {Fe4S412+ Clusters of Enzymes 
Antioxidant Defence 
Superoxide �smutase 
Catalase 
Carotenoids 
l3-Carotene 
Xanthophyll Cyde 
Tocopherol 
Asoorbate-Glutathione Cyde 
Mehler-Ascorbate Peroxidase Cyde 
Water-Water Cyde 
x 
Page 
ii 
tV 
VI 
vii 
ix 
xiii 
xvi 
xviii 
1 
3 
4 
4 
4 
5 
7 
8 
9 
9 
9 
13 
14 
14 
16 
16 
17 
17 
20 
20 
21 
22 
24 
26 
31 
33 
ptant Water Deficit 35 
Definition and Experimental Approach 35 
Piant Cellutar Responses to Water Deficit 37 
Oxidative Stress klduced by Ptant Water Deficit 38 
Water Deficit Studies in 8aoana Ptaots 41 
Antioxidant Responses in fltaots under Water Stress 45 
Vigna 46 
Tobacco 46 
Sun�r 47 
Alfalfa 47 
Maize 48 
Pea 49 
Wheat 50 
Comparisons between Sunflower and Sorghum 51 
III MATERIALS AND METHODS 
List of Chemicals 
Preparation of Culture Media 
Preparation of Treatment Med1a 
Banana Micropropagation 
Culture Initiation 
Multiptication Stage 
Growth Stage 
Culture Conditions 
PEG-6000 Treatments 
Water Content Determination 
Water Potential Measurement 
Oxidative Damage Determination 
Matondialdehyde 
Electrolyte leakage 
Non-Enzymatic Antioxidant Determina tion 
Ascorbic Acid 
G lutathione 
Tocopherol 
Antioxidant Enzymes Assays 
Superoxide Oismutase 
Catalase 
Glutathione Reductase 
Ascorbate Peroxidase 
Protein Content Determination 
Statistical Analysis 
IV RESULTS 
Leaf Water Content 
Leaf Water Potential 
Membrane Stability Index 
Malondialdehyde Concentration 
xi 
54 
54 
55 
55 
56 
56 
61 
67 
72 
72 
73 
73 
74 
74 
75 
76 
16 
76 
78 
79 
79 
60 
81 
82 
82 
83 
84 
84 
86 
88 
91 
Ascorbic Acid Concentration 93 
Concentration of Reduced Glutathione and the 
Ratio of Reduced Glutathione to T ola1 Glutathione 95 
Tocopherol Concentration 101 
Catalase Specific Activity 104 
Ascorbate Peroxidase Specific Activity 106 
Superoxide Oismutase h:tivity 108 
Glutathione Reductase Specific Activity 110 
V DISCUSSION 1 14 
Preparation of Plant Materials 1 14 
PEG Treatments 116 
leaf Water Status 117 
Oxidative Membrane Injury 121 
Catalase Activity 126 
Ascorbate Concentration and Ascorbate Peroxidase 
Activity 127 
Concentration of Reduced Glutathione and 
Glutathione Reductase Activity 131 
Superoxide Dismutase Activity 136 
Tocopherol Concentration 138 
VI CONCLUSION 140 
REFERENCES 141 
APPENDICES 154 
SIOOATA OF THE AUTHOR 112 
xii 
Figure 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
LIST OF FIGURES 
The Xanthophytl Cyde 
Ascorbate-Dependent Free Radical Trapping 
ASCOfbate-Glutathione Cycle 
The Mehler-Ascorbate Peroxidase Cyde 
The Origin, Sequence and location of Cellular Oamage 
Imposed by Sublethal Drought Stress. 
leaf Water Content of Muss AAA 'Berangao' under 
Different levels of PEG Treatments. 
leaf Water Content of Musa AA 'Mas' under Different 
levets of PEG Treatments. 
leaf Water Potential of Musa AAA '8erangan' BOd Musa 
AA 'Mas' under Different levets of PEG Treatments on 
Day 14. 
Correlation between Leaf Water Content and Water 
Potential in Musa AAA 'Berangan' on Day 14 under PEG 
treatments. 
Corretation between Leaf Water Content and Water 
Potential in Musa AA 'Mas' on Day 14 under PEG 
Treatments. 
Membrane Stability Index of Musa AAA 'Bemngan' under 
Different levels of PEG Treatments. 
Membrane Stability Index of Musa AA 'Mas' under 
Different Levels of PEG Treatments. 
Malondialdehyde Conoentfations of Musa AAA 'Berangan' 
under Different Levels of PEG Treatments. 
Xtfl 
Page 
23 
25 
27 
32 
40 
85 
85 
86 
87 
87 
89 
89 
92 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Matondiak:Iehyde Concentrations of Musa AA 'Mas' under 
Ditferent Levets of PEG Treatments. 
Asooroic Acid Concentrations of Musa AM. '8erangao' 
under Different Levets of PEG Treatments. 
Ascorbic Acid Concentrations of Musa AA 'Mas' under 
Different Levels of PEG Treatments. 
Concentrations of Recil.Iood Gtutathione in Musa AAA 
'Berangan' under Different levets of PEG Tteatmeots. 
Conoontrations of Reduced Glutathione in Musa M 'Mas' 
under Different Levels of PEG Treatments. 
The Ratio of the Concentration of Reduced Glutathione 
(GSH) to the Concentration of Total Glutathione in Musa 
AAA 'Berangan' under Different levels of PEG Treatments. 
The Ratio of the Concentration of Reduced Glutathione 
(GSH) to the Concentration of Total Glutathione in Musa 
AA 'Mas' under Different Levets of p.EG Treatments. 
Leaf Tocopherol Concentrations of Musa AM. '8erangan' 
under Different levels of PEG Treatments. 
Leaf Tocopherol Concentrations of Musa M 'Mas' under 
Different levels of PEG T �atments. 
Catalase Specific Activity of Musa AAA '8erangan' under 
Different Levels of PEG Treatments. 
Catalase Specific Activity of Muss AA. 'Mas' under 
Different levels of PEG Treatments. 
Ascorbate Peroxidase Specific Activity of Musa AM 
Berangan' under Different Levels of PEG Treatments. 
Ascorbate Peroxidase SpecifIC Activity of Musa AA 'Mas' 
under Different lev9ts of PEG Treatments. 
xiv 
92 
94 
94 
96 
96 
98 
98 
103 
103 
105 
105 
107 
107 
27 
28 
29 
30 
Superoxide Dismutase Activity of Musa AM. 'Berangan' 
under Different Leve4s of PEG Treatments. 
Superoxide Oismutase Activity of Muss M 'Mas' under 
Different levets of PEG Treatments. 
Glutathione Redudase Specific Activity of Musa AM. 
'8erangan' under Oifferent levels of PEG Treatments. 
Glutathione Reductase Specific Activity of Musa AA 'Mas' 
under Different levefs of PEG Treatments. 
xv 
109 
109 
111 
111 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
LIST OF PLATES 
Mature Musa AAA '8erangan' �nt. 
MatUffl Musa AA 'Mas ' Ptant. 
Sucker of Muss AAA '8erangan'. 
Sucker of Musa AA 'Mas'. 
'Berangan' Shoot Tip upon One Week's Growth on Culture 
Initiation Medium. 
Halved 'Berangan' Shoot Tip upon One Week's Growth on 
Semisolid Multiplication Medium. 
Halved 'Mas' Shoot Tip upon One Week's Growth on 
Semisolid Multiplication Medium. 
Multishoot Clusters of 'Berangan' upon Three Weeks' 
Growth on Semisolid Muttiptication Medium. 
Muttishoot Ctusters of 'Mas' upon Three Weeks' Growth 00 
Semisolid Multiplication Medium. 
Multishoot Clusters of 'Berangan' on Semisolid 
Multiplication Medium Ready for Transfer to liquid 
Multiplication Medium. 
Multishoot Clusters of 'Mas' on Semisolid Muttiplication 
Medium Ready for Transfer to Liquid Muttiplication 
Medium. 
'Berangan' (left) and 'Mas' (right) Shootlets after Three 
Weeks' Growth on liquid Multiplication Medium. 
13 'Berangan' (left) and 'Mas' (right) Shootlets after Three 
Weeks' Growth on Semisolid Multiplication Medium. 
14 
15 
Rooted 'Berangan' Ptanttets upon four Weeks' Growth on 
the first Rooting Culture Medium. 
Rooted 'Mas' Plantiets upon four Weeks' Growth on the 
First Rooting Cutture Medium. 
xvi 
Page 
57 
58 
59 
60 
63 
64 
64 
65 
65 
66 
66 
68 
70 
70 
16 
17 
18 
1 9  
20 
Rooted 'Berangan' (taft) and 'Mas' (right) Plantlets after 
Four Weeks' Growth on the Seoond Rooting Cutture 
Medium, Ready to be Used for Experimeots. 
'8erangan' P�antlets on Oay 7, upon Treatments with 
(From the Left): 0%, 10%, 20% and 40% PEG. 
'8erangan' Ptant4ets on Oay 14, upon Treatments with 
(From the Left): 0%, 10%,20% and 40% PEG. 
'Mas' Plantiets on Day 7, upon Treatments with (From the 
Left): 0%,10%,20% and 40% PEG. 
'Mas' Ptanttets on Day 14 , upon Treatments with (From 
the Left): 0%, 10%, 20% and 40% PEG. 
xvii 
71 
119 
119 
120 
120 
6. Almin 102 
Abs 
APX 
SAP 
CAT 
eDNA 
Chi 
CO2 
Cu+ 
Cu2+ 
Cu/Zn SOD 
DHAR 
DNA 
OW 
EOTA 
Fd 
Fdred 
Fe2+ 
Fe3+ 
FeSOD 
FW 
GR 
GSH 
GSSG 
h 
H20 
H202 
HNE 
IAA 
MOA 
MOA­
MDHAR 
Min 
MnSOO 
mRNA 
MSI 
NaCI 
NADP+ 
NADPH 
LIST OF ABBREVIATIONS 
Change of absofbaoce per mtnute 
Singlet oxygen 
Absofbance 
Asoorbate peroxidase 
Benzyt aminopurine 
C�se 
Complementary ONA 
Chlorophyll 
Cafbon dioxide 
Copper ,(I) 
Copper,(U) 
CopperlZinc superoxide dismutase 
Oehydroascorbatereductase 
Deoxyribonucleic acid 
Dry weight 
Ethylenediamine tetraaoetic acid 
Ferredoxin 
Reduced ferredoxin 
Iron (II) 
Iron (III) 
Iron superoxide dismutase 
Fresh weight 
Glutathione reductase 
Reduced glutathione 
Oxidjsed glutathione 
Hour 
Water 
Hydrogen peroxide 
4-hydroxy-2-oonena1 
Indole-3-acetic acid 
Malondiaidehyde 
Monodehydroasoorbate fadical 
Monodehydroasoorbate reductase 
Minute 
Manganese superoxide dismutase 
Messenger Ribonucleic acid 
Membrane stability index 
Sodium chk>ride 
Nicotinamide adenine dinudeotide 
phosphate (oxidised form) 
Nicotinamide adenine dioudeotide 
phosphate (reduced form) 
Nitro blue tetrazoltum 
Oxygen 
Supefoxide anion fadical 
Hydroxyl ion 
XVIII 
OH· 
PEG 
PPFO 
PSI 
PSII 
PWO 
R-
RO· 
ROO­
ROOH 
ROS 
sao 
tAPX 
TBA 
TCA 
tSOD 
WC 
Hydroxyl radical 
Potyethyfene �ycol 
Photosyothetici>hotoo ftux density 
Photosystem t 
Photosystem it 
Plant water deficit 
Carbon-oentred radical 
Atkoxyl radical 
Peroxyl radical 
Lipid hydroperoxide 
Reactive o�species 
Superoxide dismutase 
Thytakoid-bound asoorbate peroxidase 
Thiobafbituric acid 
Trichloroacetic acid 
Thylakoid.oouoo superoxide dtsmutase 
Wateroontent 
xix 
CHAPTER I 
tNTROOUCTtON 
Oxidative stress is exerted when the antioxidant capacity of plants is 
overwhelmed by the enhanced production of reactive oxygen S4)eCies(Zhang 
and Kirkham, 19968). Oxidative stress is implicated in plants subjected to 
stressful environmental conditions, one of which being water stress. Studies 
on various crop species show that drought-toierant ptants are usually 
endowed with efficient antioxidant defence system (Jagtap and Bhargava, 
1995; Sairam et al., 1998). Meanwhile, field trials of a transgenic alfalfa 
overexpressing superoxide dismutase showed that oxidative tolerance is 
related to enhanoed growth and survival in the field (McKersie et al., 1996). 
In Malaysia, unpredictable short periods of dry season are possible in 
banana-cultivated areas (Zakaria et al., 20(0), which may adversely affect 
growth and productivity (Bohnert and Jensen, 1996) of the ptant. Acoording 
to Bajaj et al. (1999), antioxidant gene transfer is one of the mainstfategies 
for engineering drought tolerance tn plants. However, before such technology 
could be applied to banana plants, knowtedge of the responses of antioxtdant 
defence systems of banana under water stress is fundamental. 
Oespite various efforts of banana tmprovement in the oountry (Siti Hawa, 
2000), the antioxidant defence and oxidative stress responses of banana 
are areas �Iy unexplored. Wot1dwide, it is the same soenario. Considering 
1 
the commerdal value of banana crop and the potential benefit that 
enhancing antioxidant defence in crop plants could offer, it therefore seems 
reasonabfe and appropriate to investigate the antioxidant responses of � 
banana cuttivars. 
In this study, I have examined the aotiolddaot defences and oxidative injury 
of two local banana cuttivars, which are Musa AAA '8eraogan' and Uusa AA 
'Mas' under PEG-induced water stress. Banana is an important fruit crop in 
Malaysia, a centre of origin and diversity for bananas (Muss acuminata) 
(Robinson, 1996). The availability of a wide setection of banana cuttivars 
locally eliminates the diffICulty of obtaining plant material for research. One of 
the reasons 'Berangan' and 'Mas' were chosen for this study is their 
commercial value where local and export mari<et demands are ooncerned. en 
addition, based on the levets of leaf proline accumulation, a previous study 
has shown that 'Berangan' was more water stress-toterant compared to 'Mas' 
(Zulkifli, 1997). Neverthetess, the information regarding the antioxidant 
defence of 'Berangan' and 'Mas' is scarce. The use of two different banana 
cultivars of different genomic compositions (i.e. AAA and AA) in this study 
thus allows intercultivar comparisons of antioxidant defences in banana 
plants under PEG-induced water stress. Micropropagatedbanana ptaottets 
were used in this study as they could be rapidty prepared and were uniform 
in shape and size, and can be maintained in axenic conditions. 4n this study, 
the degree of membrane permeability and lipid peroxidatioo were exam1ned 
to compare the relative tolerance of the two CUltivafS under water deficit­
induced oxidative stress. In addition, enzymatic antioxidants (superoxtde 
2 
dfsmutase. cat�ase. asoorbate peroxidase and gfutathione reductase) and 
non-enzymatic antioxidants (ascorbate, reduced�utathione and tocopherots) 
were determined to study their roles in the protection of banana teaf 03Hs 
against water deficit-induoed oxidative stt'eSs. It is hoped that information 
obtained in this study oould be useful for banana aop improvement 
concerning the development of stress-tolerant banana wlttvars. 
Objectives 
A. Comparison of two banana cultivars for oxidative injury under water 
deficit stress. 
B. To elucidate the antioxidative mechanism in banana plants under 
water deficit stress. 
C. Characterization of enzymatic and non-enzymatic antioxidative defence 
in two banana cultivars under water deficit stress. 
3 
CHAPTER II 
UTERATURE REVtEW 
Research Plant: Banana 
General 
Banana (Musa sp., Family Musaoeae) is one of the most important fruit crops 
in the world. It is native to Southeast Asia and has been cultivated here for 
millennia (Piper, 1989; Val mayor et al., 1990). Malaysia is the main centre of 
origin for Musa acuminata types, e.g. Musa AA 'Mas' (Robinson, 1996). In 
Malaysia, a national rotIection of Cldtivars is maintained at the Mataysian 
Agrlcuttural Research andOevelopment tnstltute (MARDI), Serdang. From 
Southeast Asia, cultivation of bananas has been expanded throughout the 
tropics and into the subtropics of Asia, America, Africa and Australia. 
Southeast Asia is not onty the centre of origin, but also the centre of diversity 
for bananas (Espino et al., 1991; Valmayor et al., 1990). 
There are three important species of Musa in present-dayagrioutture, namely 
Musa texta/is (abaca, grown for its fibre), Musa acuminata and Muss balbisiana. 
The last two species are important to food production (Oaie, 1990). 
Currently edible banana cuttivars are the iotraspeciftehybfids within M. 
acuminata and within M. balbisiana and aso ioterspectfic hybrids between 
4 
